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(54) Lithographic projection apparatus with system for positioning a reflector 



(57) In a lithographic projection apparatus the posi- 
tions and/or orientations of reflective optical elements is 
dynamically controlled. The position of a reflective opti- 
cal element such as a mirror in an illumination or pro- 
jection system is first measured using an absolute po- 
sition sensor mounted on a reference frame and there- 



after measured by a relative position sensor also mount- 
ed on said reference frame. The position of the element 
is controlled in accordance with the measured position, 
e.g. to maintain it stationary in spite of vibrations that 
might otherwise disturb it. The absolute sensor may be 
acapacitive or inductive sensor and the relative sensor 
may be an interferometer. 
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Description 

[0001] The present invention relates to lithographic 
projection apparatus comprising: 

an illumination system for supplying a projection 
beam of radiation; 

a first object table for holding a mask; 

a second object table for holding a substrate; 

a projection system for imaging an irradiated portion 

of the mask onto a target portion of the substrate. 

[0002] For the sake of simplicity, the projection sys- 
tem may hereinafter be referred to as the "lens"; how- 
ever this term should be broadly interpreted as encom- 
passing various types of projection system, including re- 
fractive optics, reflective optics, and catadioptric sys- 
tems, for example. The illumination system may also in- 
clude elements operating according lo any of these prin- 
ciples for directing, shaping or controlling the projection 
beam of radiation, and such elements may also be re- 
ferred to below, collectively or singularly, as a "lens". In 
addition, the first and second object tables may be re- 
ferred to as the "mask table" and the "substrate table", 
respectively. The mask table should be taken as any 
structure or device that may or does hold another struc- 
ture or device., generally referred to as a mask, in which 
a pattern to be imaged is or can be formed. Further, the 
lithographic apparatus may be of a type having two or 
more mask tables and/or two or more substrate tables. 
In such "multiple stage" devices the additional tables 
may be used in parallel, or preparatory steps may be 
carried out on one or more stages while one or more 
other stages are being used for exposures. 
[0003] Lithographic projection apparatus can be 
used, for example, in the manufacture of integrated cir- 
cuits (ICs). In such a case, the mask (reticle) may con- 
tain a circuit pattern corresponding to an individual layer 
of the IC, and this pattern can be imaged onto a target 
area (comprising one or more dies) on a substrate (sil- 
icon wafer) which has been coated with a layer of radi- 
ation-sensitive material (resist). In general, a single wa- 
fer will contain a whole network of adjacent target areas 
which are successively irradiated via the mask, one at 
a time. In one type of lithographic projection apparatus, 
each target area is irradiated by exposing the entire 
mask pattern onto the target area in one go; such an 
apparatus is commonly referred to as a wafer stepper. 
In an alternative apparatus - wh ich is commonly referred 
to as a step-and-scan apparatus - each target area is 
irradiated by progressively scanning the mask pattern 
under the projection beam in a given reference direction 
(the "scanning" direction) while synchronously scanning 
the substrate table parallel or anti-parallel to this direc- 
tion; since, in general, the projection system will have a 
magnification factor M (generally < 1), the speed V at 
which the substrate table is scanned will be a factor M 
times that at which the mask table is scanned. More in- 



formation with regard to lithographic devices as here de- 
scribed can be gleaned from International Patent Appli- 
cation WO 97/33205. 

[0004] In general, apparatus of this type contained a 
5 single first object (mask) table and a single second ob- 
ject (substrate) table. However, machines are becoming 
available in which there are at least two independently 
movable substrate tables; see, for example, the multi- 
stage apparatus described in International Patent Appli- 
10 cations WO 98/28665 and WO 98/40791 . The basic op- 
erating principle behind such multi-stage apparatus is 
that, while a first substrate table is underneath the pro- 
jection system so as to allow exposure of a first sub- 
strate located on that table, a second substrate table 
15 can run to a loading position, discharge an exposed sub- 
strate, pick up a new substrate, perform some initial me- 
trology steps on the new substrate, and then stand by 
to transfer this new substrate to the exposure position 
underneath the projection system as soon as exposure 

20 of the first substrate is completed, whence the cycle re- 
peats itself; in this manner, it is possible to achieve a 
substantially increased machine throughout, which in 
turn improves the cost of ownership of the machine. 
[0005] To reduce the size of features that can be im- 

25 aged, it is desirable to reduce the wavelength of the il- 
lumination beam. To such end, it has been proposed to 
use wavelengths of less than about 200 nm, for example 
193 nm, 157 nm or 126 nm. Further reductions in the 
wavelength of the illumination radiation, e.g to about 10 

30 to 20 nm, are also envisaged. Such wavelengths in par- 
ticular are more conveniently focused and controlled by 
reflective optics, such as mirrors. However, mirrors in 
lithography apparatus must be positioned to especially 
high accuracy, as compared to refractive elements, be- 

35 cause any rotational orientation errors are magnified by 
the total downstream optical path length. In an appara- 
tus using very short wavelength radiation, the optical 
path length may be of the order of 2 m or more. 
[0006] For example, to have a good overlay perform- 

40 ance, it can be necessary to keep the position of an im- 
age of the irradiated portion of the mask stable at a given 
position at substrate level with an error (e) of less than 
about 1 nm (see Figure 3 of the accompanying draw- 
ings). If the distance between the mirror and the sub- 

45 strate (W) is 2 m the maximum permissible rotational 
error of the reflected beam, to keep the system within 
specification, is 28 x 10 9 degrees (1 x 10" 9 m/2m = tan 
28 x 10" 9 ). Since, for a mirror, the angle of reflection 
equals the angle of incidence, a rotational error (da) in 

50 the position of the mirror will give rise to twice as large 
an error in the direction of the reflected beam. Thus the 
mirror must be positioned with an accuracy of 1 4 x 1 0" 9 
degrees or better. If the mirror has a width of order 0.1 
m and a rotating point at one side, that rotating point 

55 must be positioned to within 0.024 nm (tan 14 x 10" 9 x 
0.1 =2.4 x 10' 11 ). Clearly the accuracy with which such 
a mirror must be orientated is extremely high and will 
only increase as the specification for image accuracy 
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increases. The accuracy requirements for position in X, 
Y and Z are less demanding as such errors are magni- 
fied less at substrate level. 

[0007] It is an object of the present invention to pro- 
vide a lithographic projection apparatus having an im- 
proved positioning system to accurately and dynamical- 
ly position a mirror in the radiation or projection systems. 
[0008] According to a first aspect of the present inven- 
tion, there is provided a lithographic projection appara- 
tus comprising: 

an illumination system constructed and arranged to 
supply a projection beam of radiation; 
a first object table constructed and arranged to hold 
a mask; 

a second object table constructed and arranged to 
hold a substrate; and 

a projection system constructed and arranged to 
image an irradiated porlion of the mask onto a target 
portion of the substrate, 

wherein at least one of said illumination system and 
said projection system comprises one or more re- 
flective optical elements and positioning means for 
dynamically controlling a position and/or orientation 
of one or more of said reflective optical elements. 

[0009] The one or more reflective optical elements 
may comprise a single element such as a mirror, a re- 
flective grating, a reflective filter, etc. or a combination 
of such elements with or without other types of element. 
With the invention, the position of the reflective optics is 
controlled continuously or repeatedly during operation 
of the apparatus and the effects of vibrations and me- 
chanical shocks, and thermal and mechanical drift 
thereby can be mitigated. 

[0010] Preferably, the projection apparatus further 
comprises sensing means constructed and arranged to 
determine a change in position and/or orientation of one 
or more of said reflective optical elements, and to output 
one or more position signals indicative thereof; and said 
positioning means comprises: 

drive means constructed and arranged to change a 
position and/or orientation of one or more of said 
reflective optical elements in response to a drive 
control signal; and 

a controller responsive to said one or more position 
signals for generating said drive control signal so 
as to correct for said determined change in position 
and/or orientation of one or more of said reflective 
optical elements. 

[0011] In a preferred embodiment of the invention, the 
lithographic apparatus includes a reference frame and 
sensing means for determining the position of said re- 
flective optics relative to said reference frame. 
[0012] Also preferably, the sensing means comprises: 
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an absolute position sensing means constructed 
and arranged to measure a position and/or orienta- 
tion of one of said reflective optical elements and to 
output an absolute position signal indicative there- 
of; and 

a relative position sensing means constructed and 
arranged to measure changes in said position and/ 
or orientation of said one reflective optical element 
and to output a relative position signal indicative 
thereof. 



Said drive means may be arranged to change said po- 
sition and/or orientation of said one reflective optical el- 
ement In response to said drive control signal; and said 

15 controller may be responsive to said absolute and rela- 
tive position signals for generating said drive control sig- 
nal so as to set and maintain said one reflective optical 
element in a desired position and/or orientation. 
[0013] By the use of both absolute position sensing 

20 means, which can determine the absolute position and/ 
or orientation of the reflective optics without calibration 
each time the apparatus is initialized, and relative posi- 
tion sensing means, which can detect movements in the 
position and/or orientation of the reflective optics with a 

25 high bandwidth and/or larger measuring range, the po- 
sitioning system can accurately position, or stabilize, the 
reflective optics without a lengthy calibration or initiali- 
zation procedure, and counteract any vibrations in the 
reflective optics. After an initial position determination 

30 using the absolute sensing means, the drive means are 
controlled primarily on the basis of the high frequency 
output from the relative sensing means or interferential 
encoders. 

[0014] The absolute sensing means preferably in- 
35 elude one or more capacitive or inductive sensors and 
the relative position sensing means preferably include 
one or more interferometers. 

[0015] In yet another preferred embodiment said 
sensing means is constructed and arranged to direct a 

40 sensing beam of radiation separate from said projection 
beam along said one or more reflective optical ele- 
ments; and to determine a position of said sensing beam 
when having been reflected by said one or more reflec- 
tive optical elements. 

45 [0016] According to yet a further aspect of the inven- 
tion there is provided a method of manufacturing a de- 
vice using a lithographic projection apparatus compris- 
ing: 

so an illumination system constructed and arranged to 
supply a projection beam of radiation: 
a first object table constructed and arranged to hold 
a mask: 

a second object table constructed and arranged to 
55 hold a substrate: and 

a projection system constructed and arranged to 
image an irradiated portion of the mask onto a target 
portion of the substrate; the method comprising the 
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steps of: 

providing a mask bearing a pattern to said first ob- 
ject table: 

providing a substrate provided with a radiation-sen- 
sitive layer to said second object table; 
irradiating portions of the mask and imaging said 
irradiated portions of the mask onto said target por- 
tions of said substrate; and 
dynamically controlling a position and/or orientation 
of one or more reflective optical elements com- 
prised in one of said illumination and projection sys- 
tems. 

[0017] In a manufacturing process using a lithograph- 
ic projection apparatus according to the invention a pat- 
tern in a mask is imaged onto a substrate which is at 
least partially covered by a layer of radiation-sensitive 
material (resist). Prior to this imaging step, the substrate 
may undergo various procedures., such as priming, re- 
sist coating and a soft bake. After exposure, the sub- 
strate may be subjected to other procedures, such as a 
post-exposure bake (PEB) ; development, a hard bake 
and measurement/inspection of the imaged features. 
This array of procedures is used as a basis to pattern 
an individual layer of a device, e.g. an IC. Such a pat- 
terned layer may then undergo various processes such 
as etching, ion-implantation (doping), metallisation, ox- 
idation, chemo-mechanical polishing, etc., all intended 
to finish off an individual layer. If several layers are re- 
quired, then the whole procedure, or a variant thereof, 
will have to be repeated for each new layer. Eventually, 
an array of devices will be present on the substrate (wa- 
fer). These devices are then separated from one anoth- 
er by a technique such as dicing or sawing, whence the 
individual devices can be mounted on a carrier, connect- 
ed to pins, etc. Further information regarding such proc- 
esses can be obtained, for example, from the book "Mi- 
crochip Fabrication: A Practical Guide to Semiconductor 
Processing", Third Edition, by Peter van Zant, McGraw 
Hill Publishing Co., 1997, ISBN 0-07-067250-4. 
[0018] Although specific reference may be made in 
this text to the use of the apparatus according to the 
invention in the manufacture of ICs, it should be explic- 
itly understood that such an apparatus has many other 
possible applications. For example, it may be employed 
in the manufacture of integrated optical systems, guid- 
ance and detection palterns for magnetic domain mem- 
ories, liquid-crystal display panels, thin-film magnetic 
heads, etc. The skilled artisan will appreciate that, in the 
context of such alternative applications, any use of the 
terms "reticle", "wafer" or "die" in this text should be con- 
sidered as being replaced by the more general terms 
"mask", "substrate" and "target area", respectively. 
[0019] In the present document, the terms "radiation" 
and "beam" are used to encompass all types of electro- 
magnetic radiation, including, for example, ultraviolet ra- 
diation, EUV and X-rays. Also, the terms "mirror and 
"reflector" are used synonymously and, unless the con- 



text otherwise determines, are intended to encompass 
any reflective element, whether wholly, partially or se- 
lectively reflective and whether or not it has any other 
optical, e.g. refractive or drffractive, properties. Where 
5 the context allows, the term may also apply to non-spec- 
ular reflectors such as scatter plates. The term position 
should be interpreted broadly as referring to any or all 
of the X, Y, and Z positions and rotational positions Rx, 
Ry and Rz. 

10 [0020] The present invention will be described below 
with reference to exemplary embodiments and the ac- 
companying schematic drawings, in which like parts are 
indicated by like references, and in which: 

*s Fig. 1 depicts a lithographic projection apparatus 
according to the invention; 

Fig. 2 is a diagram of a positioning system for a mir- 
ror according to a first embodiment of the invention; 
and 

zo Figure 3 is a diagram used in explaining the effect 
of rotational errors in mirror position on image po- 
sition at substrate. 

Embodiment 1 

25 

[0021] Figure 1 schematically depicts a lithographic 
projection apparatus according to the invention. The ap- 
paratus comprises: 

30 a radiation system LA, IL for supplying a projection 
beam PB of radiation (e.g. UV or EUV radiation); 
a first object table (mask table) MT provided with a 
mask holder for holding a mask MA (e.g. a reticle), 
and connected to first positioning means PM for ac- 

35 curately positioning the mask with respect to item 
PL; 

a second object table (substrate table) WT provided 
with a substrate holder for holding a substrate W (e. 
g. a resist-coated silicon wafer), and connected to 

40 second positioning means PW for accurately posi- 
tioning the substrate with respect to item PL; 
a projection system ("lens") PL (e.g. a reflective or 
catadioptric system) for imaging an irradiated por- 
tion of the mask MA onto a target area, or portion, 

45 C of the substrate W. 

[0022] The radiation system comprises a source LA 
(e.g. a Hg lamp, an excimer laser, a laser or discharge 
plasma source, or an undulator provided around the 

50 path of an electron beam in a storage ring or synchro- 
tron) which produces a beam of radiation. This beam is 
passed along various optical components included in il- 
lumination system IL so that the resultant beam PB is 
collected in such a way as to give a desired illumination 

55 profile at the entrance pupil and the mask. 

[0023] The beam PB subsequently impinges upon the 
mask MA which is held in a mask holder on a mask table 
MT. Having been selectively reflected by the mask MA, 
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the beam PB passes through the lens PL which focuses 
the beam PB onto a target area C of the substrate W. 
With the aid of the interferometric displacement meas- 
uring means IF and the second positioning means PW, 
the substrate table WT can be moved accurately, e.g. 
so as to position different target areas C in the path of 
the beam PB. Similarly, the interferometric displace- 
ment measuring means IF and the first positioning 
means PM can be used to accurately position the mask 
MA with respect to the path of the beam PB. In general, 
movement of the object tables MT, WT can be realized 
with the aid of a long-stroke module (course positioning) 
and a short stroke module (fine positioning), which are 
not explicitly depicted in Figure 1 . 
[0024] The depicted apparatus can be used in two dif- 
ferent modes: 

1 . In step mode, the mask table MT is kept essen- 
tially stationary, and an entire mask image is pro- 
jected in one go (i.e. a single "flash") onto a target 
area C. The substrate table WT is then shifted in 
the x and/or y directions so that a different target 
area C can be irradiated by the beam PB; 

2. In scan mode, essentially the same scenario ap- 
plies, except that a given target area C is not ex- 
posed in a single 'flash 1 '. Instead, the mask table 
MT is movable in a given direction (the so-called 
"scan direction", e.g. the x direction) with a speed 
v, so that the projection beam PB is caused to scan 
over a mask image; concurrently, the substrate ta- 
ble WT is simultaneously moved in the same or op- 
posite direction at a speed V = Mv, in which M is the 
magnification of the lens PL (typically, M = 1/4 or 
1/5). In this manner, a relatively large target area C 
can be exposed, without having to compromise on 
resolution. 

[0025] Although the present embodiment employs a 
reflective mask, it will be immediately appreciated that 
the present invention may also be used in lithographic 
apparatus having transmissive masks. The depicted 
embodiment also employs reflective elements in the ra- 
diation and projections systems, however some refrac- 
tive elements may also be used. 
[0026] Figure 2 illustrates one of the mirrors 1 0 includ- 
ed in the illumination optics IL or projection optics PL 
and its associated positioning system 20, which com- 
prises drive system 30, position sensing system 40 and 
control system 50. Mirror 10 is depicted for clarity as a 
flat mirror set at an acute angle to the incident radiation 
PB. However, it will be appreciated that mirror 10 may 
be a glancing incidence mirror and may bo macro- or 
microscopically shaped to effect any desired shaping or 
focusing of the radiation beam PB. 
[0027] As shown in Figure 2, mirror 1 0 is mounted on 
drives 31 , 32 which form part of the positioning system 
30 and which in turn are mounted on base frame BF. 
Base frame BF is desirably very solid and may be at- 



tached to, or part of, the base plate BP of the lithographic 
apparatus 1 , for example. Drives 31 , 32 are used to ac- 
curately control the position, and particularly the orien- 
tation, of the mirror. For clarity, only two drives are illus- 
5 trated in Figure 2 but it will be appreciated that more or 
fewer drives may be provided to control the position of 
the mirror in any or all of the six degrees of freedom. 
[0028] In the present embodiment the drives 31 , 32 
comprise Lorentz-force motors, of which the general 
10 working principle, for instance, is disclosed in European 
patent application EP 1 001 512 and equivalent US pat- 
ent application US 09/435,638, which are incorporated 
herein by reference. Other suitable actuators or motors 
having a low stiffness and the necessary responsive- 
15 ness and power may also be employed. 

[0029] The sensing system 40 comprises absolute 
sensors 41 , 42 and relative sensors 43, 44, all of which 
are mounted on reference frame RF. Reference frame 
RF is a very stiff frame which is supported by air mounts, 
20 springs, or other vibration isolating means and forms the 
reference for the coordinate system of the apparatus. 
Reference frame RF may be part of or connected to ref- 
erence frames used in other parts of the apparatus. It is 
important that reference frame RF is isolated from vibra- 
25 tions in the base frame BF, which may be induced, for 
example, by the operation of the drives 31 , 32. 
[0030] Absolute sensors 41 , 42 measure the absolute 
position of the mirror 1 0 in one or more degrees of free- 
dom, without the need for calibration before each use. 
30 Calibration on initial manufacturing of the apparatus and 
at periodic maintenance may be necessary or desirable 
but the absolute sensors should be able to operate for 
a fabrication run or series of runs without calibration. In 
the present embodiment the absolute sensors are ca- 
35 pacitive sensors or inductive sensors of known type. 
Two absolute sensors are illustrated for the purpose of 
clarity, but more or fewer may be employed as neces- 
sary to provide position information in the desired de- 
grees of freedom. 
40 [0031] Relative sensors 43, 44 measure movement, 
i.e. changes in position and/or orientation, of the mirror 
and so would require calibration, involvingthe mirror be- 
ing accurately set at a p re-determined position, before 
being usable to determine the absolute position of the 
45 mirror. In the present embodiment, relative sensors 43, 
44 are interferometer-based sensors which measure 
the position of respective reference gratings 45, 46 
mounted on the mirror 1 0. As with the absolute sensors, 
more or fewer than two sensors may be employed as 
so required. 

[0032] The interferometer sensors 43, 44 are capable 
of measuring movements of the mirror with a higherscn- 
sitivity and/or bandwidth and/or range than thecapaci- 
tive or inductive sensors 41 , 42 and therefore are used 
55 to provide continual relative position signals during op- 
eration of the apparatus. The absolute sensors 41 , 42 
are used to provide absolute position signals during in- 
itial setup of the apparatus and when re-initializing the 
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apparatus after any period when the projection or illu- 
mination systems were not operating. They may also be 
used periodically to verify or recalibrate the interferom- 
eter sensors 43, 44. 

[0033] Raw signals from the absolute sensors 41 , 42 5 
and the relative sensors 43, 44 are provided to respec- 
tive first and second signal processing circuits 51, 52 
forming part of the control system 50. The signal 
processing circuits 51 , 52 perform appropriate process- 
ing and verification of the signals provided by the sen- 10 
sors and transform them as necessary to an appropriate 
coordinate system for output. The processed position 
signals from the first signal processing circuit 51 . repre- 
senting the absolute position of the mirror 10, may be 
provided to the second signal processing circuit 52 for *5 
calibration of the relative position signals. A motor con- 
trol circuit 53 receives the processed position signals 
from signal processing circuits 51 , 52 and also set point 
data from set point circuit 54 and determines appropri- 
ate drive signals which are provided to motors 31 , 32 to 20 
position mirror 10 as desired and counteract the effect 
of any vibrations. 

[0034] The control system of the present embodiment 
uses a feedback control strategy based on measuring 
the position of the mirror and counteracting any devia- 25 
tion from the desired position. The control system may 
in addition make use of other sensors or information 
from the overall control system of the lithographic appa- 
ratus to effect a feed-forward control. The set point pro- 
vided by set point circuit 54 may be a constant position 30 
if the mirror 1 0 is a static component of the optics or may 
be a variable position if the mirror 10 has a role in any 
variable beam shaping or positioning function of the lith- 
ographic apparatus. 

35 

Embodiment 2 

[0035] In a second embodiment of the invention only 
a position sensing system 40 as described for the first 
embodiment is associated with each of the reflective op- 40 
tical elements, such as mirrors 10, in the projection op- 
tics PL. Alternative embodiments of the positioning 
sensing system may only comprise absolute or only rel- 
ative sensors. Changes in position and/or orientation of 
the various mirrors can then be monitored during oper- «5 
ation and an imaginary error at substrate level due to 
such changes can be derived, since the positions and 
orientations of the various mirrors will be known accu- 
rately enough for such a derivation. 

[0036] To correct for the derived imaginary imaging 50 
error, one (or more) of the mirrors in the projection sys- 
tem is (arc) connected to a drive system 30 as described 
for the first embodiment. A control system derives a re- 
quired change in the position and/or orientation of its 
associated mirror to correct for the various positional 55 
and/or rotational errors of all the mirrors in the projection 
optics PL as measured by their associated positioning 
sensing systems 40. To this end, raw position signals 
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from the various position sensing systems 40 are pro- 
vided to the control system. Signal processing circuits 
within the control system perform appropriate process- 
ing of the signals and transform them as necessary to 
an appropriate coordinate system for the one (or more) 
mirror(s) 10 connected to a drive system 30. 
[0037] One may choose to provide that (those) reflec- 
tive element(s) with a drive system that are most critical 
in their position and/or orientation of the reflective ele- 
ments comprised in the projection system. Further a po- 
sition sensing system for that (those) reflective element 
(s) that are not critical in their position and orientation 
may be dispensed with. 

[0038] An embodiment alternative to the second em- 
bodiment comprises a sensing system that provides for 
a beam of light, preferably a laser beam, passed along 
the various reflective elements in projection system PL 
from the mask towards the substrate (or vice versa). Po- 
sitional and/or orienlational deviations of the various re- 
flective elements results in a change in position of the 
laser beam when having passed the projection system, 
which can be detected using an appropriate two-dimen- 
sional detector such as a four-quadrant detector (quad 
cell), a two-dimensional positional sensing device or a 
CCD camera. To provide for a continuous feedback pos- 
sibility, the two-dimensional detector can be fixedly 
mounted on reference frame RF with respect to the pro- 
jection system and the laser beam may be reflected from 
a position on the mask just next to its mask pattern, in 
which case the two-dimensional detector can be mount- 
ed out of the projection beam. 

[0039] Continuous feedback of positional and rota- 
tional deviations of the reflective elements, such as in 
the first, second and above alternative embodiment pro- 
vides for the possibility to correct for position and/or ro- 
tation changes in the high, mid and low frequency do- 
main. In case one only is interested in deviations and 
correcting in the low frequency domain, such as, for in- 
stance, induced by mechanical creep of mirror mounts, 
it is an option to employ a two-dimensional detector 
mounted on the substrate table and check the position 
of the laser beam at selected instance in time during an 
imaging process. A positional error induced by position- 
al and/or rotational deviations of the reflective elements 
may also be corrected for by accounting for them in the 
positioning of the mask and/or substrate table. 
[0040] Whilst we have described above specific em- 
bodiments of the invention, it will be appreciated that the 
invention may be practiced otherwise than described 
and the description is not intended to limit the invention. 
The positioning system of the present invention has 
been described as applied to a mirror in a lithographic 
projection apparatus. However, the invention may also 
be applied to other components of a lithographic appa- 
ratus, such as the substrate (wafer) or mask (reticle) 
stages, or to components of other apparatus where ac- 
curate dynamic positioning is required. 
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Claims 



1 . A lithographic projection apparatus comprising: 

an illumination system constructed and ar- 
ranged to supply a projection beam of radiation; 
a first object table constructed and arranged to 
hold a mask; 

a second object table constructed and ar- 
ranged to hold a substrate; and 
a projection system constructed and arranged 
'to image an irradiated portion of the mask onto 
a target portion of the substrate, 
wherein at least one of said illumination system 
and said projection system comprises one or 
more reflective optical elements and position- 
ing means for dynamically controlling a position 
and/or orientation of one or more of said reflec- 
tive optical elements. 

2. Apparatus according to claim 1 . further comprising 
sensing means constructed and arranged to deter- 
mine a change in position and/or orientation of one 
or more of said reflective optical elements, and to 
output one or more position signals indicative there- 
of; and wherein said positioning means comprises: 

drive means constructed and arranged to 
change a position and/or orientation of one or 
more of said reflective optical elements in re- 
sponse to a drive control signal; and 
a controller responsive to said one or more po- 
sition signals for generating said drive control 
signal so as to correct for said determined 
change in position and/or orientation of one or 
more of said reflective optical elements. 

3. Apparatus according to claim 2, wherein said sens- 
ing means comprises: 

an absolute position sensing means construct- 
ed and arranged to measure a position and/or 
orientation of one of said reflective optical ele- 
ments and to output an absolute position signal 
indicative thereof; and 

a relative position sensing means constructed 
and arranged lo measure changes in said po- 
sition and/or orientation of said one reflective 
optical element and to output a relative position 
signal indicative thereof, 

4. Apparatus according to claim 3, wherein said drive 
means is arranged to change said position and/or 
orientation of said one reflective optical element in 
response to said drive control signal; and said con- 
troller is responsive to said absolute and relative po- 
sition signals forgenerating said drive control signal 
so as to set and maintain said one reflective optical 



element in a desired position and/or orientation. 

5. Apparatus according to claim 3 or 4, further com- 
prising a reference frame and wherein said sensing 
5 means is constructed and arranged to determine a 

position and/or orientation of said one or more re- 
flective optical elements relative to said reference 
frame. 

10 6. Apparatus according to claim 5, wherein at least 
one of said absolute and relative position sensing 
means comprises a first part mounted on said ref- 
erence frame and a second part mounted on said 
object. 



15 

7. Apparatus according to any one of claims 3 to 6, 
wherein said controller is adapted to determine an 
initial position and/or orientation of said one reflec- 
tive optical element in response to said absolute po- 

20 sition signal and thereafter to control a position and/ 
or orientation of said one reflective optical element 
in response to said relative position signal. 

8. Apparatus according to any one of claims 3 to 7, 
25 wherein said relative position sensing means has a 

higher measurement bandwidth for changes in po- 
sition and/or orientation of said reflective optics than 
said absolute position sensing means. 

30 9. Apparatus according to any one of claims 3 to 8, 
wherein said relative position sensing means has a 
larger measuring range for changes in position and/ 
or orientation of said reflective optics than said ab- 
solute position sensing means. 

35 

10. Apparatus according to any one of claims 3 to 9, 
wherein said absolute position sensing means is a 
capacitive or inductive sensing means. 

40 11. Apparatus according to any one of claims 3 to 10, 
wherein said relative position sensing means is an 
interferometric or interferential sensing means. 



45 
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12. Apparatus according to claim 2, wherein said sens- 
ing means is constructed and arranged to direct a 
sensing beam of radiation separate from said pro- 
jection beam along said one or more reflective op- 
tical elements: and to determine a position of said 
sensing beam when having been reflected by said 
one or more reflective optical elements. 

13. Apparatus according to claim 12, further comprising 
a reference frame and wherein said sensing means 
is constructed and arranged to determine a position 

55 and/or orientation of said one or more reflective op- 

tical elements relative to said reference frame. 

1 4. Apparatus according to claim 1 2 or 1 3, wherein said 
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sensing beam is a beam of laser radiation. 

15. Apparatus according to claim 12, 13 or 14, wherein 
said sensing means comprises a two-dimensional 
detector arranged to determine the position of said 5 
sensing beam. 

16. Apparatus according to any one of claims 2 to 15, 
wherein said drive means comprises at least one 
actuator with low stiffness. 10 

17. Apparatus according to claim 15, wherein said ac- 
tuator is a Lorentz-force actuator. 

18. Apparatus according to any one of the preceding *5 
claims, wherein said illumination system is adapted 

to supply a projection beam of radiation having a 
wavelength less than about 50 nm. 

19. A method of manufacturing a device using a litho- 20 
graphic projection apparatus comprising: 

an illumination system constructed and ar- 
ranged to supply a projection beam of radiation; 
a first object table constructed and arranged to 25 
hold a mask; 

a second object table constructed and ar- 
ranged to hold a substrate; and 
a projection system constructed and arranged 
to image an irradiated portion of the mask onto 30 
a target portion of the substrate; the method 
comprising the steps of: 
providing a mask bearing a pattern to said first 
object table; 

providing a substrate provided with a radiation- 35 
sensitive layer to said second object table; 
irradiating portions of the mask and imaging 
said irradiated portions of the mask onto said 
target portions of said substrate; and 
dynamically controlling a position and/or orien- 40 
tation of one or more reflective optical elements 
comprised in one of said illumination and pro- 
jection systems. 

20. A device manufactured according to the method of ^ 
claim 19. 
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Lithographic projection apparatus with system for positioning a reflector 



(57) In a lithographic projection apparatus the posi- 
tions and/or orientations of reflective optical elements is 
dynamically controlled. The position of a reflective opti- 
cal element such as a mirror (10) in an illumination or 
projection system is first measured using an absolute 
position sensor (41 ,42) mounted on a reference frame 



(RF) and thereafter measured by a relative position sen- 
sor (43,44) also mounted on said reference frame. The 
position of the element is controlled in accordance with 
the measured position e.g. to maintain it stationary in 
spite of vibrations that might otherwise disturb it. The 
absolute sensor may be a capacitive or inductive sensor 
and the relative sensor may be an interferometer. 
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